Abstract: Background and aims: Few studies have reported the correlation between hand hygiene (HH) practices and infection rates in Saudi Arabia. This work was aimed to study the effect of a multicomponent HH intervention strategy in improving HH compliance and reducing infection rates at King Fahd Hospital of the University, Al-Khobar, Saudi Arabia between January 2014 and December 2016. Methods: A yearlong multicomponent HH intervention, which included various strategies recommended by the World Health Organization, was introduced. HH compliance among staff and infection rates observed in the inpatient wards were assessed and compared at pre-and post-interventional phases. Results: There was a significant increase in mean HH compliance from 50.17% to 71.75% after the intervention (P < 0.05). Hospital-acquired infection (HAI) and catheter-associated urinary tract infection (CAUTI) rates decreased from 3.37 to 2.59 and from 3.73 to 1.75, respectively (P < 0.05). HH compliance was found to be negatively correlated with HAI (r = −0.278) and CAUTI (r = −0.523) rates. Conclusions: Results show that multicomponent intervention is effective in improving HH compliance, and that an increase in HH compliance among hospital staff decreases infection rates. Further studies on cost-effectiveness of such a model could augment to these findings.
Introduction
Globally, hospital-acquired infections (HAIs) pose a significant burden to healthcare workers and patients with respect to health, time, resources, and cost. The prevalence of HAIs widely varies from 5.7% to 19.1%, and the data pertaining to it are often reported unconventionally due to lack of unified strategies [1] . Although reports on the nationwide prevalence of HAIs in Saudi Arabia are not readily available, a few studies have reported the prevalence of HAIs in different provinces of the Kingdom. For example, studies conducted in Taif Hospitals reported that the infection type in 48.3% of hospitalized patients with identified infections was diagnosed to be of nosocomial origin [2, 3] .
Up to 23% of healthcare-associated infections occurring in intensive care units and about 40% of infections occurring in all units of a hospital are device-associated [4] . Catheter-associated urinary tract infections (CAUTIs) are regarded as some of the most common nosocomial infections. About 2%-4% of hospitalized patients with CAUTIs are reported to have been affected with bacteremia, and their fatality rate is three times higher than that of patients with no bacteriuria [5, 6] . A recent study on the incidence of CAUTI in three Gulf Cooperation Council (GCC) countries, such as Bahrain, Oman, and Saudi Arabia, reported that the risk of urinary tract infection was 35% higher in the hospitals of these GCC nations than in those of the United States National Healthcare Safety Network [7] .
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium for non-commercial purposes, provided the original author and source are credited. Of the various causes of HAI that have been identified, unclean hands are often considered to be unrecognized sources of transmission [8, 9] . Hand hygiene (HH) and infections are inversely related. Strict adherence to HH is a vital step in preventing healthcare-related infections. Unfortunately, this basic step is often ignored by workers in healthcare settings. Various methods have been tried and tested by clinicians and researchers across regions to improve HH compliance among healthcare workers. The "Clean Care is Safer Care" initiative by the World Health Organization (WHO) is reported to have had a positive impact on HH compliance. Many studies augmenting this WHO approach with numerous multifaceted improvement techniques have been implemented. Such studies have reported remarkable decreases in the infection rates of HAI and CAUTI with even slight increases in HH compliance [10] [11] [12] [13] [14] .
Despite there being a growing concern worldwide on the increase in HAI and CAUTI rates, very few studies on this issue have been reported from the Middle East [15] . The correlation between HH practices and infection rates has rarely explored in the Saudi Arabian context. This work was conducted with the aim of studying the effect of a multicomponent HH intervention in improving HH compliance and reducing healthcare-associated infection rates at a university hospital in Saudi Arabia.
Methods
This prospective interventional study was conducted at King Fahd Hospital of the University (affiliated to Imam Abdulrahman Bin Faisal University), Al-Khobar, Saudi Arabia, between January 2014 and December 2016. First, the HH compliance rate was assessed among the staff with direct patient access in the inpatient wards of the hospital by directly observing the number of HH opportunities and the number of positive actions taken against those who did not follow HH conventions. The observations were recorded in a discrete manner to avoid the Hawthorne/ observer effect. A period of five moments, as suggested by the WHO, for a healthcare staff to practice HH while making patient contact were considered [16, 17] . Based on this recommendation, any incident that required HH was considered an opportunity, and the corresponding response to that opportunity was considered an action.
HAI and CAUTI rates in the inpatient wards were then observed. While the HAI rate was calculated per 1,000-patient days, the CAUTI rate was calculated per 1,000-catheter days. A yearlong multicomponent intervention was introduced for improving HH practices. HH compliance among hospital staff and rates of HAI and CAUTI observed in the inpatient wards were again assessed after the intervention and were compared with pre-interventional values.
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Multimodal intervention
The multicomponent intervention to improve HH compliance used in this study was carried out for a period of 12 months, and it mainly comprised WHO's multimodal HH intervention strategy [18, 19] . The interventional steps that fall under the five-point WHO strategy [20] include the following:
1. Increasing the availability and ease of access to alcohol-based hand rub and water supply; 2. Holding educational events on HH and infection control; 3. Offering training and support with monthly evaluation and feedback analysis; 4. Presenting visual displays to promote HH practices; and 5. Ensuring a climate of institutional safety.
In addition, the following interventional steps were carried out:
-Holding timely meetings with the hospital management and staff to involve them in achieving effective HH practices; -Assessing the infrastructural and consumable requirements at the hospital; -Providing intensive education sessions on "five moments for hand hygiene" based on WHO methods; -Using PowerPoint presentations, video screening, and training handouts in English and Arabic; -Placing posters above washbasins in the wards and theaters; -Installing screensavers on computers to display HH moments; -Providing adequate personal protection equipment to healthcare workers and teaching them how to use such equipment properly; -Adhering strictly to visitors' policy and educating visitors to keep hands clean and not contact vulnerable patients.
Statistical analysis
SPSS version 20.0 was used for data analysis. A value of P ≤ 0.05 was considered statistically significant. Percentages and 95% confidence intervals (95% CIs) were used to present HH adherence, whereas frequency and 95% CI were used to present infection rates. A correlation analysis was conducted to confirm the presence of any relationship between HH compliance and nosocomial infections.
Results
There was a significant increase in mean HH compliance from 50.17% (95% CI: 44.84, 54.67) to 71.75% (95% CI: 70.59, 72.83) after the multicomponent intervention (P < 0.05) ( Table I) . HAI rates observed in the inpatient wards showed a decreasing trend from 3. (Tables II and III) . The reduction in the rates of both of these nosocomial infections was statistically significant (P < 0.05).
The correlation analysis showed that there is a weaknegative correlation between HH compliance and the HAI rate. However, a moderate negative correlation was found between HH compliance and CAUTI rate was negatively correlated with HAI (r = −0.278) and CAUTI rates (r = −0.523) ( Table IV) . 
Discussion
This work studied the impact of a multicomponent HH intervention in reducing infection rates in a university hospital in Saudi Arabia. The results showed that the yearlong intervention improved the HH practices among the hospital staff. Furthermore, such an increase was observed to be correlated with the decrease in infection rates in the inpatient wards. Most studies on HH within the Kingdom have focused mainly on the knowledge, attitude and behavior of hospital staff, and healthcare students toward such practices; however, only a few studies have analyzed the rate of adherence to the number of HH opportunities [21] [22] [23] . A 12-month observational study conducted in a general hospital in Makkah, Saudi Arabia, reported that the rate of compliance to HH was 50.3%, which was like the preinterventional compliance rate (50.17% ± 9.00%) observed in this work [24] . Appropriate education and training are imperative in enhancing staff knowledge on HH [25] .
Many studies across the world have highlighted the need for a multifaceted approach to improve HH practices; the types and number of approaches that are documented in the literature vary widely from hospital to hospital and country to country, mostly depending on the availability of resources, knowledge of hospital staff, as well as the cost involved in implementing each model [16] . Despite the availability of modern interventions in improving HH compliance, certain standard strategies as used in this study remain effective even in a low-resource setting. Active and passive educational programs, motivational campaigns, displays of posters, distribution of pamphlets, increased numbers of alcohol hand rub solution stations, and implementation of WHO's fivemoments scheme form important elements of the list of proven approaches [26] [27] [28] [29] . In this study, the author has chosen these standard tactics, along with the use of accountability and performance feedback and regular audits.
Adherence to HH in this study gradually increased from 50.17% ± 9.00% in 2014 to 66.08% ± 7.43% in 2015 and 71.75% ± 2.18% in 2016, indicating the success of the multicomponent approach implemented in this study in enhancing the HH practices. A similar trend in the gradual increase of compliance (37.5%-51.7%) was reported in studies by Sastry et al. [30] after implementing an HH audit as an intervention strategy, and by Chhapola and Brar [31] after implementing an educational program (46%-69%). Some studies reported the effectiveness of multifaceted approaches on HH improvement based on the WHO strategy; one regional example on this could include a study by Mahfouz et al. [16] , which reported that a multimodal program involving the WHO approach showed an increase in HH practices from 60.8% in 2011 to 86.4% in 2013 in an intensive care unit in Abha, Saudi Arabia. Al-Tawfiq et al. [32] reported that a multimodal HH program improved the adherence from 38% to 85% over a period of 5 years, which highlights the sustainable benefits of such multifaceted initiatives. However, Mazi et al. [33] documented that even though a multicomponent strategy involving WHO approach could enhance the HH compliance rate, the results were not sustainable in certain critical care areas that lacked team leaders. Improvement in HH compliance had been reported to indirectly minimize nosocomial infections, thereby ensuring patient safety. In this study, the rates of HAI decreased from 3.37 ± 0.60 to 2.55 ± 0.63 after the multicomponent intervention. A similar decrease in HAI rate was reported by a Taiwanese study wherein the implementation of the WHO multimodal strategy resulted in the reduction of HAI rates from 3.7 to 3.1 [34] . The results of a three-year study with step-by-step interventions showed significant hospital-wide improvement in HH compliance and infection control (4.8-3.3) [35] .
The rates of CAUTI in this study showed a gradual decline from 3.73 ± 2.41 in 2014 to 2.21 ± 2.93 in 2015 and 1.75 ± 1.70 in 2016. HH practices form a vital strategy in preventing CAUTI rates [11] . An Egyptian study investigated the use of a combined interventional strategy with HH as a key component, and the results showed that the pre-interventional rate of 90.12 reduced to 65.69 after the intervention [36] . In another study, a multimodal supervision program, involving HH as one of the interventions, resulted in 47.1% reduction of CAUTI incidence [37] . Al-Tawfiq et al. [32] observed that there was a reduction of CAUTI rates from 7.08 to 3.5 after HH intervention in a community hospital in the Eastern Province of Saudi Arabia.
A landmark study published in 1988 reviewed the literature data available over more than 100 years and studied the casual link between handwashing and infection control [38] . There were strong evidences available on the correlation between the improvement in HH practices and reduction in HAI rates. The results obtained in this study add more value to the existing literature, especially with respect to the Saudi context. HH compliance was found to be negatively correlated with HAI and CAUTI rates, and the relationship observed between HH compliance and HAI rate was weak-negative, whereas between HH compliance and CAUTI rate was moderate-negative.
Limitations
Although the results of this study add value to the available literature on the link between HH practices and infection control, the study has certain inherent limitations. First, the infection rates of methicillin-resistant Staphylococcus aureus (MRSA) were not assessed before, during, or after the mentioned interventions. MRSA infection is a critical setback for a hospitalized patient, as it involves multiple factors, including HH. Further studies may focus on analyzing this infection. Second, unlike other studies from Saudi Arabia that have focused on the knowledge and attitude of hospital staffs and students, this study did not assess the individual adherence rates among different stakeholders. Further studies can also assess diurnal variation in compliance rate and suggest methods to prevent such variation.
Conclusion
Multicomponent intervention is effective in improving HH compliance and reducing nosocomial infection rates. The results suggest that active educational intervention with timed evaluation of practices help reduce infection rates significantly. Although many novel methods are being introduced in enhancing HH compliance among healthcare staff, improvement strategies as suggested by WHO seem to be simple and practically easy to implement. Further studies on cost-effectiveness of such a model could augment the evidence obtained in this study.
